Policy learning between cities is a vital process to enable the diffusion of more sustainable practices. The Sustainable Development of Energy, Water and Environment Systems (SDEWES) Index provides a composite indicator to benchmark city performance based on 7 dimensions and 35 main indicators. In this research work, the SDEWES Index is applied to 25 cities. Data are collected, normalised, and aggregated to obtain the results. Stockholm (3.29), Espoo (3.25) and Sevilla (2.98) are the top three cities. An average city in the sample receives an index score of 2.75. The paper further develops a benchmarking tool to trigger policy learning based on the index performance. Two typologies of policy learning are discussed to stimulate an exploratory process for catching-up or finding solutions to common needs. On the basis of the total of 56 cities to which the index is applied to date, a search algorithm is developed to match cities in which 10 common patterns are identified. The paper concludes with the prospect of using the SDEWES Index to stimulate innovation for more sustainable cities.
Introduction
The capacity to improve the sustainability of societal systems will determine the ability to limit temperature increases to at most 1.5°C above pre-industrial levels. In this process, policy learning in cities maintains a key role for addressing urban challenges (OECD, 2016 ). Cities provide an effective level of realising change within complex systems (Revi et al., 2014) . Already, various networks are formed to exchange experiences to lessen the impact of cities on planetary life-support systems (Revi et al., 2014) . Policy learning in cities across countries and continents is also vital to support urgent action that is in line with the Paris Agreement, which revives a sense of multi-lateralism to address climate change (Obergassel et al., 2016) .
Around the world, cities are promoted to attain more efficient environmental practices. The concepts range from sustainable cities, green cities, resilient cities, low carbon cities and smart cities among others (Jong et al., 2015) . Cities further provide a basis for testing new solutions as urban living laboratories (Urban Europe, 2015) . These trends are fitting since cities are identified to be learning organisations that seek continuous improvement (Campbell, 2009; Senge, 2006) . The scope of learning involves searching for solutions, preparing to avoid problems and learning from experiences that represent forms of adaptive (Shrivastava, 1983) , anticipatory (Doppelt, 2003) and action learning (Lozano, 2011) . The iterative and interactive process of organisational learning can also support the aims of sustainability (Wells, 2009) . The ability to stimulate learning in cities can drive innovation for sustainable development.
This paper applies the Sustainable Development of Energy, Water and Environment Systems (SDEWES) City Index (Kılkış, 2015) to a sample of 25 cities and develops a benchmarking tool to facilitate policy learning among cities in the sample. The index has the namesake of the SDEWES Conferences that are dedicated to diffusing knowledge on methods, policies and technologies for improving the sustainability of development (SDEWES, 2016) . The paper indicates that tools to support policy learning based on benchmarking can assist cities in finding gaps in performance and identifying areas of strategic intervention. The results are further used to promote learning through the pairing of cities based on index performance.
The paper proceeds to a literature review to provide background on city level policy learning. Thereafter, Section 2 proceeds to the method in which the SDEWES Index and the city sample are introduced. In addition, the design of a tool to compare city performance and the search algorithm to identify city pairs for stimulating policy learning are presented. Section 3 discusses the results of the index, the related benchmarking tool for cities and the city pairs. Section 4 concludes with the implications of these contributions to stimulate city-to-city policy learning and promote innovation in such processes to support sustainable development.
Background and literature review
The existing stock of knowledge in the literature indicates that city-to-city activities, mainly on an ad hoc basis, have a key role in supporting policy learning in cities. Better governance structures and networks can support these exchanges. The interplay of a plurality of policy domains and resources are also needed for more sustainable practices. The literature review is presented in three groupings to represent these main issues.
Effective and systematic tools to benchmark the performance of cities take place as an apparent need to address these concerns.
Analyses of policy learning in cities
Policy learning in cities is an active process that is shaped by a constructive mix of internal and external dynamics. Marsden et al. (2011) assessed 11 European cities and questioned the factors that catalysed policy transfer and learning for a more efficient transport sector in the urban context. The main factors were identified to be legislative change, scanning visits to other cities and enthusiasm to adopt better policies. Most of these cities were found to adopt hybrid solutions based on lessons from multiple sites on an ad hoc basis. In contrast, the need to gauge performance with other cities on a more systematic and on-going basis was put forth. Campbell et al. (2009) classified the means of city-to-city exchanges based on four types of learning. These types differed for cases in which a city or a cluster of cities pursued an outward search for learning in a proactive venture. Some cities such as Bilbao, Curitiba and Seattle were found to exemplify a high degree of initiative, intensity and continuity for policy learning. Other cities undertook these activities on a more limited basis or engaged less actively in networks. In a related study, activities for city-to-city exchanges were found to be at the top of the impact scale in enabling urban innovations (Campbell, 2012) . City leaders were found to even prioritise tested ideas and learning from other cities (Campbell, 2012) . Similarly, a survey that was designed to determine the way cities acquire knowledge indicated that cities mostly learn by observing the solutions of other cities (Seymoar et al., 2009) . Hirvonen-Kantola et al. (2015) defined the life cycle of living laboratories based on a cyclical process of feedback and learning that involved two main dynamics. Exploration focused on access to new ideas while exploitation focused on the use of existing competences (March, 2006) . As an exemplary case of the latter, Hu et al. (2016) determined the influence of existing assets in the design of sustainable cities in Penghu (Taiwan), Seoul (South Korea), Tianjin (China), Freiburg (Germany) and Samsö (Denmark). Options based on existing opportunities in wind energy, green ICT and solar energy were mobilised. Grimaldi et al. (2016) further analysed the level of match between the aims of Barcelona in excelling as a smart city and the curricula of four universities as institutions that support active learning.
Governance structures and networks
Governance structures, including city networks, can be used to support cities in realising more sustainable practices. Some studies in the literature addressed these issues based on empirical case studies. For example, Dieleman (2013) analysed the experiences of 25 cities in Mexico in dealing with climate change and the role of multi-level governance. Gouldson et al. (2015) compared aspects of multi-level governance to implement climate mitigation strategies in three Asian cities, namely Kolkata (India), Palembang (Indonesia) and Johor Bahru (Malaysia). Fenton (2015) discussed the activities of port cities, particularly Rotterdam in the Netherlands, in engaging in the World Ports Climate Initiative to diffuse best practices.
Other studies compared the participatory approaches that were adopted to realise city level learning. Voytenko et al. (2016) contrasted those of 22 cities that were funded under Ş. Kılkış the Joint Programming Initiative Urban Europe to promote the concept of urban living labs. Nevens et al. (2013) examined the phases that were deployed to assist five Northwest European cities in transitioning towards more sustainable practices. Dvarioniene et al. (2015) compared 10 European communities based on the approach that was adopted for being pilot energy sites. Bulkeley et al. (2011) indicated the vitality of activating a quadruple helix that involves the public and private sectors, the academia and the public for realising urban living labs.
In addition, the presence of an innovation ecosystem can increase the capacity for policy learning in cities. Breschi and Lenzi (2016) used patent data to examine coinvention networks and inventive productivity in 331 US cities. In Europe, similar to the European Green Capital (EC, 2015) , the designation of a Capital of Innovation (EC, 2016) was used to reward the city with the best ecosystem in connecting city actors. Barcelona and Amsterdam were selected as the first two 'iCapital' cities (EC, 2016) . Other studies compared cities based on the concept of smart cities in which Vienna, Toronto and Paris were among the top three (Cohen, 2015) .
Plurality of policy domains and resources
In other studies, authors compared the need to integrate various policy domains for more sustainable cities and/or the resource flows in cities. For example, Oliveira (2013) adopted a case study approach to analyse the cobenefits between the integration of climate, environmental and development objectives in cities in China, India and Indonesia. Martos et al. (2016) reviewed the literature that served various aspects of more sustainable cities, including urban transport, energy usage in buildings and urban green areas. Ding et al. (2015) analysed the city of Xi'an, China and indicated the need to adopt a holistic approach to urban systems beyond one-dimensional concepts (Ding et al., 2015) . Furthermore, Song et al. (2016) analysed the efficiencies of material and energy flows in 31 cities in China to compare the level of change.
In this context, a plurality of indicators is needed to monitor progress in the multiple policy domains that can support more sustainable systems in cities. Composite indicators can be particularly well suited to address issues that require a multi-disciplinary framework (Nardo et al., 2005) . Van Leeuwen (2013) developed a City Blueprint to assess the sustainability of urban water services in cities based on 25 indicators. Mori et al. (2015) compared 18 world megacities based on 12 indicators for environmental, economic and social aspects of cities.
Research gap and rationale
Effective means of promoting city-to-city policy learning is essential to support cities in being more sustainable, especially given the way that cities can learn from one another. At the same time, barriers to learning among cities can limit the spread and speed of the diffusion of best practices (Seymoar et al., 2009 ). This may further limit the impact of benchmarking initiatives that aim to identify, learn about and implement effective approaches that take place in other cities (Luque-Martínez and Muñoz-Leiva, 2005) . Hence, unique tools that can accelerate the diffusion of knowledge on city comparisons and increase learning opportunities are needed.
More specifically, existing studies in the literature shed light on the modes of interaction among cities for policy learning. Ad hoc activities that involve the search for possible solutions, such as scanning visits to other cities, can be supported with more systematic and analytical tools. The augmented use of the SDEWES Index as a benchmarking tool can enable cities to learn more effectively by assisting the identification of cities from which to learn and the specific policy domains in which to collaborate. The relative rankings of the cities can determine the level of proximity or divergence with the top performers. City-to-city exchanges can be supported with evidence-based decision making to enable innovations. This paper contributes to the literature with the application of the SDEWES Index for benchmarking a new sample of cities and the design of a related tool to compare city performance. The benchmarking tool is developed to compare more than one city and is supported by a search algorithm to identify city pairs to support city-to-city policy learning. These provide functionalities for cities that may be in a catching-up position or those that are in a leading position to reach out to other cities to transfer relevant best practices. The tool can enable actors to direct the focus of policy efforts to realise progress in multiple dimensions.
Method
Figure 1 summarises the method that is deployed in this paper to apply the SDEWES Index to a new city sample and develop a related benchmarking tool. The application starts with the determination of the new city sample and precedes with data collection for each city C j per indicator i in each dimension of the SDEWES Index (see Sections 2.1-2.3). The data inputs are normalised into values I based on the range of the values in the dataset of each indicator (see Section 2.4). The aggregation of the normalised values produces single composite values for each city in the sample (Section 2.5). These values are then inputted into a SDEWES Index Benchmarking Tool that is designed and developed to enable a comparison of the results of the overall city rankings and rankings by dimension (Section 2.6). The tool is aimed to assist the process of policy learning based on a benchmarking of cities. 
The SDEWES Index
The SDEWES City Index was developed as a composite indicator that provides an integrated approach to benchmark the SDEWES in cities (Kılkış, 2015 (Kılkış, , 2016 . The SDEWES Index is composed of 7 dimensions and 35 main indicators. The first three dimensions are energy consumption and climate (D 1 ), penetration of energy and CO 2 saving measures (D 2 ) and renewable energy potential and utilisation (D 3 ). The last four dimensions are water and environmental quality (D 4 ), CO 2 emissions and industrial profile (D 5 ), city planning and social welfare (D 6 ) and R&D, innovation and sustainability policy (D 7 ). The indicators as well as the results of the previous samples are elaborated in a website of the SDEWES Center that promotes a multi-disciplinary approach to sustainability (SDEWES, 2015 (SDEWES, , 2016 . Previous samples included 22 Mediterranean port cities (Kılkış, 2015) and 12 South East European (SEE) cities (Kılkış, 2016) . In this research work, 25 new world cities are effectively included in the sample.
Determination of the city sample
The determination of the city sample is based on a two-phased approach as a variant of multi-stage cluster sampling. In the first phase, an initial set is constructed to represent the possibilities based on the cities of the researchers who participated in the conference with the namesake of the index. An inventory of 167 cities is established based on the Book of Abstracts of the 9th SDEWES Conference (Ban et al., 2014) . In the second phase, three selection criteria are used to scale-down the set to a more practical size. As a test of the most frequent cities, cities are required to have more than one author. Coauthors from the same institution are counted once to give priority to broader research networks. Second, the 69 cities with more than one author are scanned to determine whether a Sustainable Energy Action Plan (SEAP) or an equivalent plan and/or energy statistic is available. Substitution of cities is allowed in cases where the closest city within a 250 km range has a SEAP or equivalent plan. Third, cities that were included in the previous samples are eliminated. This criterion eliminates five SEE cities (Zagreb, Belgrade, Sofia, Bucharest and Ljubljana) and one port city (Barcelona). Table 1 provides the remaining 25 cities in the new sample. Figure 1 depicts this process based on the selection of cities C j .
The sample has further significance given that it represents the cities of researchers who can be seen as change agents in society (Lunenburg, 2010) . A change agent provides a model for sustainable practices, teaches ways to address complex problems, performs research activities and/or promotes collaboration (Stephens et al., 2008) . The ability to diffuse knowledge is also critical in satisfying the role of a change agent (Peer and Stoeglehner, 2013) . Researchers are mobile and in the most immediate position to connect to global stocks of knowledge and promote its diffusion. For example, Genus and Theobald (2015) analysed the role of researchers as change agents in an urban sustainability initiative in Newcastle. Zilahy and Huisingh (2009) indicated researchers to be the prime movers who initiate action and the gatekeepers who facilitate access to networks. 
Data collection for implementation
The application of the SDEWES Index to the 25 new cities required an extensive process of data collection. The SEAP as prepared under the Covenant of Mayors (CoM) initiative (CoM, 2015) provided the basis to evaluate energy and CO 2 emissions related data and the set of measures for most cities. The references for SEAP and/or equivalent plans per city are as provided in Table 4 2.2 Combined heat and power based DH/C Dimensionless Table 4 2.3 Energy savings in end-usage (buildings) Dimensionless Table 4 2.4 Density of public transport network Dimensionless Table 4 2.5 Efficient public lighting armatures Dimensionless Table 7 5.5 Airport ACA level (0, 1, 2, 3, 4) Dimensionless ACI (2015) D 6 6.1 Accessibility of public transport Dimensionless Table 8 6.2 Urban form and protected sites (GIS) Dimensionless Table 8 6.3 Gross domestic product per capita PPP$ national World Bank (2015) 6.4 Inequality adjusted well-being Dimensionless Gallup (2010) 6.5 Tertiary education rate Dimensionless Eurostat (2015) D 7 7.1 R&D and innovation policy orientation Dimensionless Table 9 7.2 National patents in clean technologies Dimensionless EPO (2015) 7.3 Local public/private universities Dimensionless Table 9 7.4 National h-index (citations per paper) Dimensionless SCImago (2015b) 7.5 Reduction target for CO 2 emissions Dimensionless SEAP a a Calculated from SEAP or equivalent plans and statistics as referenced in Table 1 . b Calculated based on the share of renewable energy in the energy mix from IEA statistics (IEA, 2015) . 
Normalisation of the data entries
Equations (1) and (2) provide the two modes of the Min-Max method (OECD-JRC, 2008 ) that is used to normalise the data entries for each indicator i x.y for a city C j . Both equations are based on the difference of i x.y for a specific city C j and either the minimum (min) or maximum (max) value that is included in the dataset divided by the range of the dataset for the same indicator.
Equation (1) normalises the data inputs in a decreasing function so that min (i x.y ) receives the value of 1 and max (i x.y ) receives the value of 0. Other data entries are scaled between 0 and 1 accordingly. This mode applies to indicators in which lower values are desirable, such as energy usage and CO 2 emissions. Equation (2) normalises the dataset in an increasing function so that min (i x.y ) receives the value of 0 and vice versa. This mode applies to indicators in which higher values are desirable, such as the penetration of energy saving measures. Here, I x.y is the normalised value of the yth indicator in dimension x for a given city C j . This process is reiterated until all data entries are normalised.
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Value aggregation for the composite index
Equation (3) provides the means of aggregating all normalised data values I x.y into a composite index value per city C j . The double summation in equation (3) All dimensions have five indicators and may be weighted equally. In this case, the dimension weights α x will be 0.14. Weights α x may also be differentiated for each dimension. In practice, α x is 0.22 for D 1 and D 5 that directly involve energy and CO 2 emissions data from the SEAP. For the other dimensions that may indirectly relate to SEAP data, the values of α x are 0.11. The output of the entire process from data collection to aggregation is the SDEWES Index.
Benchmarking tool and pattern identification
As indicated in Figure 1 , a tool is developed to enable the benchmarking of multiple cities based on the results of the SDEWES Index. In addition, the performance of the cities is used to derive patterns that are common to more than one city. The complete city sample is tested for such patterns in which there is a similar level of performance in each dimension when compared to the average. As a result, at least two cities have to be either above or below the average in the same dimension across all dimensions. Equation (4) indicates the condition for the search algorithm. The summation of the normalised values of indicators y in each dimension x for a city C j is tested for being greater than or equal to the average value of the summation for the same dimension for an average city, C AV . This condition is tested in a 56 × 55 matrix that represents each possible combination of the cities with 1540 combinations. ) ( ) ( Table 3 provides the data inputs for the 25 world cities based on the indicators in D 1 . In an average city, the building and transport sectors consume 12,382,637 MWh and 5,550,520 MWh of energy per year, respectively. On average, the total final energy consumption per capita is 21.17 MWh. The lowest is 5.45 MWh (Bogotá) and the highest is 68.82 MWh (Washington, DC) per capita. Both of these values are lower than national energy per capita values due to the limited presence of industry in urban areas. For climate, heating degree days (HDD) and cooling degree days (CDD) are useful to adjust energy consumption with climate. The average HDD is 2851 and the average CDD is 1551. On the basis of international climate zone definitions (ANSI/ASRAE/ IESNA, 2007), 11 of the cities fall within the 5A, 5B and 5C climate zones with 3000 < HDD ≤ 4000 followed by the 4A and 4B climate zones (CDD ≤ 2500 and HDD ≤ 3000). Espoo and Bogotá are on the extreme end of HDD and CDD values. Table 3 Data inputs to the energy consumption and climate dimension (D 1 ) Table 4 provides the data inputs into the indicators in D 2 . All cities in the sample are in the process of implementing SEAP or equivalent plans. Paris and Warsaw advanced to the monitoring and benchmarking stage of the SEAP implementation (CoM, 2015) . The scoring in Table 4 further distinguishes the cities with combined heat and power (CHP) based district heating and cooling (DHC) networks from those cities with individual heat only boilers (HOB) or district heating. Tables A1 and A2 provide details on the energy system of the cities. Some cities, such as Paris, have developments towards next generation (4G) district heating networks, which have lower supply temperatures and higher efficiencies based on multiple sources, including geothermal or solar energy (Lund et al., 2014; Euroheat and Power, 2014) .
Energy consumption and climate (D 1 )
In addition, almost all cities are located in countries with national level plans for nearly zero energy buildings (nZEB). The cities that have implementations of nZEB, energy plus buildings, carbon neutral buildings and/or districts are scored accordingly. The details of nZEB-related developments are given in Tables A3 and A4 . In other aspects of D 2 , Frankfurt (303 km) and Paris (214 km) have the tramway and subway with the longest length, respectively (see Table A5 ). Cities with best practices in implementing efficient public lighting measures are as provided in Table 4 . These include Milan in which annual energy usage for public lighting is reduced from about 87 to 42 kWh per capita (Comune di Milano, 2009). Tables A1-A2. c Scored based on sub-indicators for nZEB implementation, see Tables A3-A4 . d Based on length of public transport network, number of stations and lines, see Table A5 .
e Penetration of LED armatures using solar energy and/or best practices obtain an extra point. Table 5 provides the data inputs for the indicators in D 3 . An average city in the sample has 4216 Wh/m 2 of solar energy potential per day on an optimally inclined plane. The average wind energy potential is 4.67 m/s at 50 m above the ground. For geothermal energy, six cities are located in areas with a mean geothermal heat-flow density of about 115 mW/m 2 , namely Eskişehir Tepebaşı, Grenoble, Leuven, Niš, Pisa and Sevilla. The average share of renewable energy in electricity production is 29.3% with a dominant contribution from hydropower. The highest share is 80% (Bogotá) and the lowest share is 2% (Incheon). On the basis of calculations of biofuels in the transport sector, 10 cities have obtained at least a 5% share of biofuel in the transport sector. The highest share in the sample is 8.1% (Stockholm). Table 6 provides the data inputs into the indicators in D 4 . The average ground and surface water that is consumed per capita is 10.5 m 3 per year based on the water footprint method (Hoekstra et al., 2011; Hoekstra and Mekonnen, 2012) . On average, water quality is scored to be 83.1 out of 100 based on levels of dissolved oxygen, pH, conductivity and nutrients of nitrogen and phosphorus. Annual mean concentrations of PM 10 in urban traffic contexts are 30.7 µg/m 3 with the lowest value at 13.1 µg/m 3 (Espoo) and highest at 55.0 µg/m 3 (Incheon). Stockholm closely follows Espoo for the lowest annual mean concentration of PM 10 at 14.6 µg/m 3 . The average ecological footprint per capita is 5.0 global hectares (gha). The total biocapacity is 2.8 gha, which indicates an ecological deficit of 2.2 gha. In comparison, the world average is an ecological footprint of 2.7 gha and biocapacity of 1.8 gha (GFN, 2015) . Table 6 Data inputs to the water and environmental quality dimension (D 4 ) 
Renewable energy potential and utilisation (D 3 )
Water and environmental quality (D 4 )
City (C j )
CO 2 emissions and industrial profile (D 5 )
In Table 7 , the average CO 2 emissions of buildings in the cities are 3,299,660 tonnes while it is 1,495,571 tonnes for transport. The average CO 2 intensity is 0.29 tonnes per MWh. The lowest value is 0.15 tonnes of CO 2 (Stockholm) and the highest value is 0.49 tonnes of CO 2 (Niš) per MWh. The survey of energy intense industries is conducted Ş. Kılkış based on sectoral reports, e.g., Mossberg (2013) . Nagoya has the greatest presence of energy intense industries, including an iron and steel cluster for the automotive industry. This is followed by Frankfurt, which contains a chemical cluster that employs more than 86,000 people (Frankfurt Rhein Main, 2015) . On the basis of Table A6 , an average city receives a score of 4.4. Ten airports that service the cities in the sample received Airport Carbon Accreditation (ACA) levels, four of which received levels for reducing (Espoo) and optimising CO 2 emissions (Frankfurt, Incheon, Leuven and Paris) (ACI, 2015) . Table A6 . Table 8 provides the data inputs into D 6 . The average price of a one-way public transport ticket is 1.61 Euro. Eleven cities provide further data on the modal share of journeys to work. Paris has the highest share of journeys to work with public transport (69%) while the average is 35% among reporting cities (Eurostat Urban Audit Database, 2015) . The average score for compact urban form and protected sites is 1.8. In total, 263 green areas were surveyed to score urban park intensity and protected green corridors based on the World Database on Protected Areas (IUCN, 2015) . Table A7 provides the number of reserves with an area greater than 15 km 2 , the protected wetlands, and national parks within a 100 km radius of the city centre. a Based on the price of one-way public transport ticket. b Based on average score of compact urban form, urban green space, and protected green corridors (Table A7 ).
City planning and social welfare (D 6 )
In other aspects of D 6 , 12 cities have predominately monocentric urban forms while 13 cities have polycentric urban forms. Stockholm is in the process of modifying its urban form to include more clusters of satellite centres that can reduce travel distances (Smith, 2013; Söderström et al., 2015) . Such an urban plan will enable the city to better diversify its job locations, which are currently concentrated 50% in the core of the greater urban system (Söderström et al., 2015) . Stockholm and Vienna provide further best practices for balancing urban form with green areas to improve the level of city planning. The average GDP per capita is 33,895 international dollars adjusted for purchasing power parity. The lowest and highest values are in Niš and Washington, respectively. Inequality adjusted well-being scores have a low of 6.0 (Eskişehir Tepebaşı) and a high of 7.9 in the Nordic cities (Århus and Stockholm) out of a possible score of 10. The average tertiary education rate is 35.7%.
R&D, innovation and sustainability policy (D 7 )
For D 7 , Table 9 provides the main data inputs and Tables A8-A10 provide those of the sub-indicators. The average score for R&D and innovation policy orientation is 2.1 based on R&D spending and priorities in funding. On the basis of the national level, eight cities have thematic calls and priorities in the areas of energy and environment, including Århus and Eskişehir Tepebaşı. Washington has the highest number of patents (178,959) with green patent codes while Niš has the highest share of green patents (3.54%) in total patents. Both aspects are used to determine the final score. Paris has the highest number of universities in the local innovation system and the most number of academic institutions in the SCImago rankings. For cities with available data in Urban Audit, the number of tertiary students (ISCED 5 and 6) range between 4516 (Maribor) and 335,757 students (Warsaw) (Eurostat Urban Audit Database, 2015) . The knowledge production capacity based on the average h-index is 536. The average CO 2 emissions target is a 24% reduction with the highest target at 45% (Stockholm). a Based on approach for thematic priorities and R&D expenditure as a share of GDP, see Table A8 . b Patents are limited to clean energy technology coded patents, e.g., Y02B for buildings etc., see Table A9 .
c Sum of universities located in the city. Those in the SCImago list receive double points, see Table A10 . d Sustainable development is a multidisciplinary field with inputs from multiple fields (fields not restricted).
Results and discussion
The inputs to the SDEWES Index are meaningful to benchmark cities across multiple dimensions and to trigger a process of policy learning between cities. In this respect, based on the method of Figure 1 , the data inputs for the new city sample are normalised based on equation (1) or (2) and aggregated into the SDEWES Index based on equation (3). The results are used in a SDEWES Index Benchmarking Tool to compare the performance of cities per dimension and the final ranking. The normalised values are described in Sections 4.1-4.7 while the ranking results, the tool and the city pairings are described subsequently. In addition, the normalised values of the new city sample are compatible with those of the previous samples. In this process, the range of the indicators for the 25 new cities was compared with those for the previous city samples of Mediterranean port cities (Kılkış, 2015) and SEE cities (Kılkış, 2016) . In 20 of the 35 indicators in the index, the range of the new sample had a defining role in the minimum and maximum values.
In the remaining 15 indicators, 8 cities from the previous two samples, namely Istanbul, Naples, Podgorica, Sarajevo, Seferihisar, Tirana, Volos and Zadar, were found to define either the minimum and/or maximum value in at least one indicator (see Table A11 in Supplementary material).
The inclusion of these values from the eight cities in equations (1) and (2) enabled a harmonised process of normalising the data entries for the new city sample. At the same time, based on common minimum and maximum values for all of the three samples, the respective values for a total of 58 cities are ranked in the website of the SDEWES Center (SDEWES, 2015) .
Results for energy consumption and climate
The stacked bar chart of Figure 2 provides the normalised values of the indicators in D 1 for the 25 cities in the sample. The labels on top indicate the total unweighted score for D 1 prior to the aggregation in equation (3). Accordingly, Niš (3.8), Cluj-Napoca (3.6), Eskişehir-Tepebaşı (3.6), Timişoara (3.6), Ostrava (3.5) and Sevilla (3.4) are the top performing cities in the sample under the scope of the indicators for D 1 . This performance is followed by Maribor (3.2), Zaragoza (3.2) and Espoo (3.1). Cities that minimise energy usage in buildings and transport relative to both population and climate have a better performance in D 1 . Figure 3 presents the normalised values of the indicators in D 2 for the 25 cities in the sample. On the basis of the performance of cities in multiple aspects of energy and CO 2 saving measures, Paris (4.8), Lisbon (4.6), Stockholm (4.6) and Vienna (4.6) receive the highest scores in this dimension. Cologne (4.2), Incheon (4.2) and Zaragoza (4.2) closely follow the performance of these cities. These cities put forth best practises in adopting an integrated approach to optimise the energy system from both the supply and demand sides. These best practices include diffusing CHP-based DH/C networks, implementing pilot nZEB projects and connecting multiple modes of public transport towards a more energy efficient city. For example, as indicated in Table A2 , the energy system of Paris includes a 475 km DHC network with two CHP and three waste-to-energy plants (Tonoli, 2012) . One of the districts also has a geothermal energy-based DH network with high, medium and low temperature feed pipes (Ungemach, 2010) . In the energy system of the World Expo district of Lisbon, trigeneration provides about a 45% reduction in energy usage compared to the separate production of electricity, heat and cooling (Euroheat and Power, 2006) . Stockholm has an extensive CHP-based DHC network, which covers 80% of the thermal needs of the city (City of Stockholm, 2010). In Vienna, the CHP plant supplies 61.4% of the heat in the district heating network (Andrews et al., 2012) . In addition, district heating based on geothermal energy is supplied to selected building clusters (Rapottnig, 2012; Straka and Schneider, 2007) . Incheon has an advantage for the expansion of CHP-based DHC networks based on the population density. Currently, DHC is supplied to 1.9 million m 2 of floor area in the city (Dong-Wook, 2012 ). All of the cities that receive top scores in Figure 3 also have nZEB-related implementations. For example, as indicated in Tables A3 and A4 , an energy plus university office building in Vienna requires 56 kWh/m 2 of primary energy and produces 61 kWh/m 2 from PV with support from server waste heat (TU Wien, 2015) . In contrast, cities in which high exergy resources are largely being used to meet low exergy demands of space heating and cooling (Schmidt and Torío, 2011) 
Results for penetration of energy and CO 2 saving measures
Comparisons such as these can be useful for policy learning across cities and increasing innovative measures for saving energy.
Results for renewable energy potential and utilisation
In Figure 4 , the normalised values of the indicators in D 3 for the 25 cities in the sample indicate that Sevilla (3.4) has the highest performance in renewable energy potential and its utilisation across multiple indicators. Lisbon (3.1), Stockholm (3.0), Pisa (2.7) and Zaragoza (2.8) are among other cities with favourable outcomes in D 3 . Some cities have a favourable performance in renewable energy potential but lack the utilisation of these resources. For example, Eskişehir-Tepebaşı (2.3) has more geothermal energy potential Ş. Kılkış relative to other cities. Yet this energy resource is not used in the local energy supply structure of the city, which could further improve its performance in D 2 . Incheon (1.5) has a moderate renewable energy potential but the lowest share of electricity generation from renewable sources. As best practices, the top performing cities in D 3 put into use the renewable energy potential that is available locally. These best practices may be initiated in pilot districts that may then be upscaled to the larger city level. For example, as given in Table A2 , Valdespartera Ecocity in Zaragoza includes a hybrid energy system with large-scale PV and CHP applications (Bruned, 2009; EU, 2015) . Similar approaches can be used to integrate the local renewable energy potential into the power grid and thermal energy networks. In contrast, some cities, such as Bogotá, rely on the national power grid that has a high share of renewables from large hydroelectric plants. The city, too, has potential for solar and waste-to-energy schemes that may be tapped in the future, such as the use of banana and coffee pulp waste (see Table A2 ).
Results for water and environmental quality
On the basis of the normalised values in Figure 5 , Espoo (4.3) has the highest performance among the 25 cities in the sample for D 4 . Such a result indicates that Espoo has a holistic approach to water and environmental quality and is able to obtain related advantages, including better air quality. Stockholm (3.7) is another city that has a high level of performance in D 4 . Cologne (3.1), Frankfurt (3.1) and Niš (3.0) can also offer best practices in D 4 to the other cities. In contrast, Ostrava (1.7) and Washington, DC (1.8) have the lowest performance in this dimension due to the level of water quality and ecological footprint, respectively. Other cities with moderate performance in D 4 , such as Bogotá (2.5), have a favourable performance in ecological footprint but obtain a less favourable outcome in the other indicators, such as air quality. For this reason, the ability to reach top performance in D 4 necessitates a consistent performance across multiple indicators, including water quality and minimised air pollution. Figure 6 provides the normalised values of the indicators in D 5 for the 25 cities in the sample. Stockholm (4.4) and Leuven (4. 3) have the best performance in the related indicators for CO 2 emissions and industrial profile. Stockholm has a slightly greater CO 2 emissions impact in buildings and transport as well as more energy intense industries than Leuven. Yet Stockholm has a lower average CO 2 emissions intensity than Leuven and a carbon neutral status for the airport. Milan (3.7), Pisa (3.6) and Espoo (3.5) are the next best performing cities in D 5 . Among these cities, Pisa has no energy intense industry with the exception of ceramics. In contrast, the performance of Nagoya (1.0) is limited due to the magnitude of CO 2 emissions and the presence of energy intense industries, which places a greater need for CO 2 mitigation. Cities that are able to excel in D 5 reduce CO 2 emissions relative to energy usage, minimise the presence of energy intense industries and curb the CO 2 emissions impact of the airport. 
Results for CO 2 emissions and industrial profile
Results for city planning and social welfare
In Figure 7 , the normalised values of the indicators in D 6 indicate that Vienna (3.9) and Stockholm (3.7) are the best performing cities for city planning and social welfare relative to the other cities in the sample. Such a performance can be explained by the efforts of these cities for compact urban form while preserving urban green spaces and protecting surrounding areas. In addition, favourable socio-economic indicators, including GDP per capita and the tertiary education rate further enhance the performance of these cities in D 6 . Århus (3.5), Espoo (3.5) and Paris (3.4) are other cities with advantages in D 6 indicators. Grenoble (3.3) and Frankfurt (3.1) closely follow the performance of this group of cities based on relatively high tertiary education rates and/or satisfactory well-being of citizens among other indicators.
Best practices from the top performing cities in D 6 include those of Vienna that has the most number of green corridors with one nature reserve, three Ramsar wetland sites and two national parks (see Table A7 ). Frankfurt provides another best practice based on a 108.5 km 2 GreenBelt around the city that acts as the green lung of the city and fosters wildlife (IUCN, 2015; City of Frankfurt, 2015) . Other cities can catch-up to the best performing cities in D 6 by increasing the level of measures that address aspects of city planning and socio-economic well-being. 
Results for R&D, innovation and sustainability policy
Figure 8 puts forth the normalised values of the indicators in D 7 . Here, Paris (3.4), Frankfurt (3.3), Nagoya (3.2) and Washington DC (3.2) take place as the cities with the best R&D, innovation and sustainability policy performance among the cities in the sample. These cities have assets in being able to combine a strong local knowledge production and technology development capability with an ambitious CO 2 emissions reduction target. Such an asset, including patents in clean technologies, is important to support the contextual framework in which cities work to realise CO 2 emissions reduction targets. Incheon (3.1) and Cologne (3.1) are other cities with similarly comparable assets. In contrast, Cluj-Napoca (1.3), Bogotá (1.3) and Timişoara (1.2) do not possess the same advantages. However, progress is observed towards increasing technology transfer.
In one aspect, Bogotá hosted the first Latin American and Caribbean Solar Decathlon competition for low energy, solar buildings (SD, 2015) .
The best practices in D 7 emphasise that cities, which are accepted to be the hubs of economic activity, can also be the hubs of sustainable innovation through targeted efforts to mobilise knowledge assets towards clean technology. In addition, the strong performance of specific cities in D 7 may also be associated with a certain innovative milieu. One example may be given from Paris that installed a vertical axis wind turbine on the Eiffel Tower to raise the level of awareness on renewable energy during the Conference of Parties (UGE, 2015) . Table 10 provides the results of the SDEWES Index when the normalised values are aggregated based on equation (3). The top three cities in the present sample are Stockholm (SDEWES = 3.49), Espoo (3.25) and Sevilla (2.98). These cities are followed by Zaragoza (2.97), Grenoble (2.94) and Lisbon (2.94). The average city in the sample receives a score of 2.75 in the SDEWES Index. As can be referred from Figures 2 to 8, these top cities consistently have the highest value in the most number of dimensions or exceed the average with a greater difference in multiple dimensions. The results allow a comparative approach to benchmark cities and underline the need to adopt well-rounded policy efforts to increase the SDEWES. Weaknesses in certain dimensions may also be used to identify areas of strategic intervention to improve future performance.
Results of the SDEWES Index for world cities
Table 10
Ranking of the world sample based on the SDEWES Index 
Ranking of the world sample based on the SDEWES Index (continued) 
SDEWES Index benchmarking tool
As a means to provide further guidance, Figure 9 presents the tool that is developed as the SDEWES Index Benchmarking Tool. This tool may be used to compare two cities based on the overall performance across all dimensions (top section) and/or to the sample as a whole for a particular dimension (bottom section). In Figure 9 , Eskişehir Tepebaşı (ranked 17 in the SDEWES Index) is compared with Vienna (ranked 7). The radar charts indicate that Vienna performs above average in more dimensions, which leads to a higher ranking. In addition, D 2 is selected to benchmark the 2 cities among all 25 cities in the sample. The stacked bar chart for D 2 is ordered according to the ranking of the cities in this specific dimension. City-to-city comparisons, such as those between Vienna and Eskişehir Tepebaşı that is selected in Figure 9 , as well as all cities in a given dimension, can indicate the domains in which policy gaps may exist. For example, Eskişehir Tepebaşı that is ranked 25 in D 2 uses mostly natural gas, which is a high exergy resource, for space heating and cooling in buildings. CHP applications are being considered for specific zones with some possibility given to the use of municipal waste and sludge as an energy source (Eskişehir Tepebaşı Municipality, 2014) . As a more recent development, however, 57 dwellings are being retrofitted into a low energy district (Remourban, 2016) , which will have an impact on altering this outcome. In the future, Eskişehir Tepebaşı may also diffuse the use of lower exergy resources, including waste heat in buildings, as one of the best practises in D 2 .
In addition, the SDEWES Index Benchmarking Tool can be used to give direction to strategic interventions by using available resources to realise more innovative urban systems. For example, Stockholm, already ranked first, has the highest CO 2 reduction target for the year 2020 at a 45% reduction from the base year (City of Stockholm, 2010) . The city may better reach its target by mobilising its R&D and innovation potential to upscale urban symbiosis in the district of Hammarby Sjöstad (Iveroth, 2014) . The city can become more symbiotic with the waste of one system being the input of another. Nagoya, ranked 25 also has a strong performance in D 7 based on knowledge production and innovation capacity. The city can use its talent pool to diffuse measures that can improve urban metabolism in the future. 
Identification of common patterns of performance
The SDEWES Index Benchmarking Tool can be used to compare cities in a way that can lead to at least two typologies of policy learning. First, cities with differing performance can be used to identify policy gaps and corresponding best practices. This kind of policy learning can facilitate processes of catching-up between a city with a lower ranking and a city with a better result. Second, cities that have similar performances can be matched to explore and address their common needs, problems and/or goals. Both typologies of learning are necessary to support cities in transitioning to more sustainable urban systems. For this reason, a search algorithm is integrated into the use of the tool to enable the pairing of cities with differing and/or similar competences across all dimensions. The cities can jointly adapt and/or codevelop solutions for sustainability, thereby improving the results of the SDEWES Index.
On the basis of equation (4), Table 11 exemplifies the use of the search algorithm to find cities with similar performance. Cities from the previous two samples were added to diversify the possibilities. Among a total of 56 cities, 10 common patterns that involve 14 cities from the new sample were found. Table 11 marks the common patterns for the city pairs based on values at or above (↑) or below (↓) average in the seven dimensions of the SDEWES Index. In various combinations, the first five city pairs have above average performance in at least four dimensions while the last five pairs have below average performance in at least four dimensions. Table 11 can be used to mobilise policy learning opportunities in a targeted way to improve the performance of the cities. For example, the city pair of Espoo (present sample) and Zagreb (previous sample) has an above average performance in D 2 , D 4 , D 5 , D 6 and D 7 . In contrast, the city pair of Eskişehir Tepebaşı (present sample), Antalya and Volos (previous samples) has a below average performances in the same dimensions. In the remaining dimensions D 1 and D 3 , the cities also have opposite outcomes when benchmarked to the average. The decision makers in these cities can observe that exchanges across the cities in complementary aspects may provide best practices for each pair. In addition, Cluj-Napoca and Skopje perform below the average in all dimensions except D 1 . On the basis of the common areas of need, the city pair can develop a targeted network to address such issues while seeking best practices from cities that have a higher performance in these dimensions. Hence, the SDEWES Index can provide the basis for a broader network of cities that can exchange experiences based on dimension performance.
Discussion of city pairs for policy learning
Table 11
Identification of cities with common patterns
City in new sample City in previous samples
Pattern Some of the city pairs are in relative geographic proximity, such as Niš (present sample), Podgorica and Tirana (previous sample) as cities in SEE. Most of the cities, however, are separated in distance but relatively nearer in city function. These include Århus (present sample) and Naples (previous sample), both of which are port cities. Incheon and Nagoya (present sample) are among the other matches. Those with mixes of both kinds of proximity are Frankfurt, Cologne and Warsaw (present sample) and Ljubljana (previous sample). These results indicate that cooperation for city-to-city learning can extend well beyond any borders.
Conclusion
As learning organisations (Campbell, 2009; Senge, 2006) , cities are actively seeking to expand the scope of their radar screen to identify potential solutions towards being more sustainable. In this context, cities interact with one another in diverse ways to establish and benefit from various learning opportunities. This research work can contribute to the process of activating more cities in deploying more proactive means of learning. As one of the types of city-to-city learning as put forth by Campbell (2009) , more cities can undertake a proactive venture to find solutions. The benchmarking infrastructure of the SDEWES Index across multiple dimensions can facilitate the need to take action in the local context to obtain a better ranking. It can support a hybrid approach based on ad hoc study visits (Marsden et al., 2011 ) with a systematic tool that can further drive innovation towards sustainable development. At present more than ever, the ability to realise system innovations in cities is a key aspect of addressing global challenges and realising the aims of urban living laboratories. Given the high potential for policy learning among cities (OECD, 2016) , the SDEWES Index can contribute to triggering action and collaboration in the path towards attaining more sustainable energy, water and environment systems. The application of the SDEWES Index to a new sample of 25 cities in this research work increases the opportunities for such policy learning. The results indicate that the top three cities in the sample are Stockholm (3.49), Espoo (3.25) and Sevilla (2.98), all of which perform above average in multiple dimensions. In addition to the top performers in the overall ranking, however, the identification of cities with similar challenges are also important to enable joint learning processes to solve existing problems.
The development of a SDEWES Index Benchmarking Tool provides further guidance in comparing the performance of cities based on the overall level of city performance and the outcome of specific dimensions. The tool can be used to support at least two typologies of policy learning, namely those between cities with differing and similar performance. The first case can facilitate a catching-up process to the better performing city based on the transfer of best practices. The second case can be used by cities with similar performance to develop joint solutions to common needs. Such interactions for policy learning can allow cities to excel in the pursuit of realising more system innovations for sustainable development.
In light of the existing literature, the dynamics of exploration and exploitation (March, 2006) may be seen to be in different modes of interplay in the city pairs based on performances in the SDEWES Index. Initially, cities that have more differing levels of performance with the top performers may have a greater need for exploration prior to putting into place effective policies for catching-up. In contrast, peer cities that have similar levels of performance may have a greater need to exploit similar opportunities. As a result, the matching of city pairs can stimulate various dynamics of policy learning. On the basis of the total of 56 cities to which the index is applied to date, 10 common patterns are identified based on the search algorithm. In future work, the search algorithm can also be enhanced to consider the relative proximities in score in addition to the status of being either above or below the average value in the sample.
The application of the SDEWES Index is replicable to any city that has sufficient local level data, particularly for energy and CO 2 emissions. For this reason, the extent of coverage of the index is not limited to the present sample and will be applied to more cities in the future. The opportunity to include more cities around the world and to (2015) a Data is further checked based on the Global Energy Observatory (2015). (Lenoir et al., 2014; TU Wien, 2015) . b Indicated to be only for energy usage related to heating, cooling, ventilation, and lighting (minus plug loads). 
Nomenclature
